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ABSTRACT
This thesis discusses the geologic backgr ound and
explores the pr opert ies and economic a spects of the clays
of Lake Agassiz .

The lake was located in the present

Red River Valley, a leading farming area .

The first

complete study of the ar ea was made by Warren Upham in the
1890 1 s .
lake Agassiz covered an area of 110, 000 square miles .
It had the deltas , outlets , sand bars , islands and other
features of any modern body of water of that great size .
The lake was fanned by the damming of glacial melt water
by the glacier itself .

As the ice retreated the lake

adjusted and developed new outlets .
years since the ice left .

It has been 10 , 000

The lake lasted for 1,000 years .

Older till and l ake sediments are found below the lake
bed .

Cretaceous and Paleozoic sediments are also present .

The basement rock is Pre- Cambrian crystalline rocks .
The Lake Agassiz sediments can be divided into a silt
unit and a clay unit .

They both were tested for bloating ,

effervescence, and physical properties .

Differential thermal

analysis was used to study minerals and impurities in t he
clay.
The major economic inport ance of the clay is the prosperity it hAs given agriculture in the region .

1

•

2

The lightweight aggregate field may develop a new
industry for the clay.

It would be of importance to the

whole area if a low cost building material were developed .

•

INTRODUCTION
Purpose and Scope of the Investigation
The purpose of this thesis is primarily to determine
the properties and the possible economic importance of the
clays of ancient Lake Agassiz.

The evaluation of the clays

will be based upon the following tests:

differential thermal

analysis, bloating tests, and the properties of the raw clay.
The history of Lake Agassiz, as well as the origin,
deposition, stratigraphy, and extent of the Lake Agassiz
clays are to be studied as a background for the primary
question.

An anlllysis of the results will be made with the

main stress upon commercial aspects of the clay.
General Features of the Area
The area discussed in this report includes the Eastern
border area of North Dakota, the Uorthwestern border area
of ~ innesota, and much of Southwestern Uanitoba, Canada.

It includes 110,000 square miles of rich farm land that is
known as the Red River Valley.

The terrain is fat with

the regional slope of the land tovrards the north.

The

river systems are in an initial stage and the drainage is
generally poorly developed.

The Red River of the ~·orth

is the master stream of the area.

Its source is at

Breckenridge, 1Linnesota, and it flows northward to Hudson

e

Bay.
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The lareest city in the area is finnipeg, Canada.

It

is the most important railroad and manufacturing center of
central Canada.

Other important cities of the area are

Fargo and Grand Forks, North Dakota.
of the region is agriculture.

The principal industry

Most business in the area is

dependent on farming.
Because of its central location on the North American
continent, the annual rain fall is about 20 to 30 inches.
Temperatures range from -20 or colder to highs of 95 or
slightly more.

Prevailing winds are from the rorthwest.

Previous Investigations and Acknowledgments
The background information for this report was obtained
from ground water reports (1949, 1950) 1 ' 2 , of the United
States Geologic Survey.

These reports were prepared by

P. D. Atkin, P. E. Dennis, and Quentin Paulson.
Upham (1896)

3

'Tarren

was also of much value in reference.

Special appreciation is expressed for the great deal
of time and assistance contributed by Mr. Oscar Manz,
Assistant Professor of Ceramic Engineering at the University
of North Dakota.

The testing of clays for this report has

been carried out under his direction.
Acknowledgment is made to the drilling crews of the
United States Corps of Army Engineers and United States

e

Geologic Survey who drilled the samples used in this
report.
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The tests were made in the ceramic research laboratory
of the North Dakota Geologic Survey .
during the surruner of

1954

8amples were obtained

and the tests were conducted

that fall .

,,

e

GEOLOGIC ASPECTS
Introduction
The problem of this thesis is divided into two parts,
the geology and the economic aspects of the clays of
ancient Lake Agassiz .

In considering the geology of this

reeion, one is at first impressed with the lack of
relief and the fact that the flatness is a depositional
rather than an erosional feature .

Before discussinc the

lake , consideration should be c;iven to the pre-lake geologic
history of the region .
Pre-Cambrian
Gneisses and other crystalline rocks form the basement
rock of the whole region .
Shield .

This is a flank of the Canadian

The crystalline rocks extend downward for an un-

known distance .
direction.

In general, they dip in a Westerly

The present surface of the Pre- Cambrian is

characterized by local ridges and lows .

The best known

of these ridges,according to Atkin4 is in the Fargo-West
Fargo area of North Dakota .

It has a relief of about

500 feet and trends north-south. These ridges may be an
expression of Pre-Cambrian drainage .

The upper units of

the baseraent rock have been altered to clays and quartz
grains which are residual .

e

They have often confused well

drillers by their resemblance to the overlying Post6
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Cambrian sedimentary rocks .

The weathering decreases doYm-

ward until the hard crystalline basement rock is reached .

Paleozoic
The Paleozoic rocks overlay the Pre-Car.ibrian throughout most of the northern part of the region .

They have not

been definitely identified south of Grand Forks, North
Dakota .

The Paleozoic sediments thicken to the north and

in the ";H nnipeg area they are of considerable thickness .
No detailed study of the Paleozoic rocks has been made in
the United States portion of the Red River Valley .
Cr etaceous
Throughout much of the area , especially in the
Southern half , the Cretaceous sediments lay unconi'ormably
above the Pre- Cambrian rocks .

In the rest of the valley,

the Paleozoic sediments are belovr the Cretaceous .

According

to Atkin,5 the most wide spread and easily identified of
these Cretaceous rocks is the Dakota sands tone .

It has

been known to drillers in the area for a number of years
because of the highly mineralized water obtained from it .
In general, the Dakota sandstone thins to the east .

Locally

it may be absent because of erosion and in other cases lack
of deposition accounts for the absence .

•

In a few cases, the

rock identified as Dakota sandstone may be weathered quartz

e

8
from the top of the Pre-Cambrian .

The Dakota sandstone is

either thin or absent above the granite ridges.

This may

have been caused by greater erosion or a draping of sediments
at the ti.me of deposition.

Dakota sandstone has been

identified by Upham6 considerably east of area being discussed.

It therefore seems likely that it is present in

the undrilled areas of the Southern part of the Red River
Valley.

50

It also suggests that the Cretaceous seas extended

or more miles into Minnesota .

The top unit of the

Cretaceous found in the Red River Valley is the Pierre shale.
It is not as wide spread as the Dakota but it thickens
rapidly to the west and reaches a thickness of 1000 feet in
places.

Since the Pierre is the top of the Cretaceous and

is easily eroded, it seems probable that the Pierre was once
as wide spread as the Dakota.

If other units of the Creta-

ceous were deposited, they have been removed by Post-Cretaceous
erosion.
Older Clay and Drift Deposits
Above the Cretaceous deposits of the Lake Agassiz area,
Atkin7 has found a thick unit of early drift and lake deposits .
The early sediments have been identified only recently because
of the difficulty in determining them from the closely associated younger drift .

The lake clays are interbedded with

the thinner drift layers .

The clays are variable in color

9

with various layers.
brown or ~bite .

Color varies from black to gray to

A few carbonaceous black clays have been

found that closely resemble peat.

This indicates interlake

swamps or various stages of one ereat lake .

This subject

will be discussed further in regard to the more recent Lake
Agassiz .

A difficulty in differentiating between the lake

clay and the drift arises because b oth are composed of
similar calcareous materials.

Identification is based upon

color, thinning of clay beds in the young top layers of
till, carbonaceous clay beds, and pebbles in the drift .
The calcareous nature of these deposits indicate the
Paleozoic limestone, now exposed in Canada, as the probable
source of the material for both the till and the lake
sediments .

The processes of glaciation and of

lacial lake

sedimentation shown by this period are very similar to those
that formed Lake Agassiz and the younger drift.
early deposits are believed to be of the

These

ansan glacial

stage which covered most of North Dakota and .Iinnesota.
Recent~~ Associated Deposits
A layer of till and glaciofluvial deposited material
lies above the old lake sediments except in the several
areas where they are directly above the Pre-Cambrian .
According to At kin8 these deposits are of Pleistocene glaciation and are probably a product of the last ice sheet which

10

also formed Lake Agassiz during its retreat.

It is believed

that this till wa f: deposited by the Keewatin ice sheet of
late ~isconsin ag~ .

Outside of t he lake area, this glacier

has created much of the present surface features.

The lake

clay has masked most of the surface features of the till in
the valley but east-west ridges in the Portland area indicate
to Atkin9 morrains deposited by this ice sheet cross the
lake be~
The till consists of pebbles and boulders intermingled
within a dark-gray clay.

The clay is noncalcareous while

light colored spots within it are calcareous .

The glacio-

fluvial deposits are the outwash from the glacier front as
it melted in S1,llll1Iler and in periods of retreat .
posed of clay and is thin bedded.

It is com-

The beds show thinning

to the· south and features of water worked deposits .

It has

been suggested that the glaciofluvial clays were deposited
in a shallow lake at the front of the glacier .

This theory

is supported by evidence of wave action and current movement
on the sediments .

Great variations in composition, size

range , and thickness are found in t he glaciofluvial material .
The retio of till to glaciofluvial deposits is a.bout three
to one .

It was during the last stages of this period that

Lake Agassiz had its start .
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Formation~ History o f ~ Agassiz
This history is largely based on Dpham •s 10 account of
the lakes formation.

As the Keewatin ice sheet started its

final retreat north , the vast quantities of melt vrater were
confin:d to form the early stages of Lake Agassiz .

To the

south, east , and west the water was dammed by the high
terrain which the glacier in advancinr; stages had helped to
form.

To the north the large CTass of ice which may have

been as much as several thousand feet thick blocked the way
of the water .

The pre-glacial drainage had been to the

north .
As the water level rose an outlet was developed to the
south through Lake Traverse and the Minnesota-, iississippi
River system .

This continued to serve as the outlet for a

great deal of the lakes history.

It wasn' t until the ice

had moved considerably north that a new outlet was developed
to the northeast through l.Iinnesota and the Great Lakes .
The lake had to adjust itself to the new level.

Possibly

several outlets served the lake during the rest of its
history but the final one rras to the north through Hudson
Bay after the departure of the ice .

Each outlet, change in

size, and change in amount of melt water reflects in the
beaches that were fanned .

-

In some places as many as 17

beaches mark the development and decline of Lake Agassiz .
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The lake covered 110 , 000 square miles and drained
500,000 more square miles .

The lake had a maximum length

of 700 miles and a width of 250 miles .

The deepest point

was in the Lake V!innipeg area where it was 700 feet deep .
The United States portion of the lake was narrow compared
to the Canadian part.

There 1·rere several islands located

in the lake , the largest of which was Beltrami I sland .
From the time the lake vras a mere pond until its final
stages of drying, the lake -rras continually receiving sediments .
Some of the sediments were the silts and clays that were to
settle out and form the thick layer s that now cover the
valley .

Among the clay particl es are the sands and gravels

that were deposited from the melting i ceber gs that floated
in the lake .
formed .

Along the shores , bars and hooks were

Where rivers entered the lake , deltas were deposit ed.

Three deltas were locat ed in the North Dakota part of the
valley: the Pembina, Elk Valley, and Sheyenne deltas .

They

wer e thick near the mouth of the river and t hinned eastward.
The Zlk delta has been traced 20 miles "Jlltil the thickness
is only inches to a foot .
Peat and soil layers within the lake sediments indicate
the lake dried once and possibly several times.
Warren Upham surveyed the Red River Valley in the early
1890 ' s and identified the lake bed from the outlets and
beaches .

The lake was named after IJ:iuis Agassiz , Swiss
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scientist and philosopher.
Upham.11 mapped the beaches and observed that the same
beach varied in elevation .

He explained this by isostacy

rebound caused by the removal of the ice load .

This would

.

also explain the entrenchment of an initial strean like the
Red River .

Upham also believed that the silt unit o:f the

valley i.·ras actually a river silt deposited during flooding .
This has been questioned in view of more recent information .
Upham also stated that several other smaller lakes of the
same type and existing at the same time drained into
Agassiz .
The bottom unit of the Lake Agassiz sediments is a
green-gray clay .

The clay particles are ver y fine grained

and probably deposited in deep wat er .

The thickness varies

from a few feet to several hundred feet .

Within the clay

are pockets of gravel and sand that were deposited from the
ice rafts .
The silt unit is the top most unit in the area and is
of nearly uniform thickness , about

15

to

25

feet .

I t is

not nearly as fine as the clay and is of a yellow color.
I t was depos i ted in shallow wat er and has a somewhat graded
bedding .

It is interbedded with the delta and shore features

near the beaches of the lake .

•

The time necessary to deposit the sediments of Lake
Agassiz would be about lOCDyears and the elapsed time since

•

11.i
the lake dried for the final time is about 9000 years .

It

has also been estimated that the lake received five to seven
feet of melt water a

year .

TESTING OF

AGASSIZ CIAYS

Introduction
The tests made on the clays were those which would
bring out possible economic value of the clay and silt units .
The samples were taken from 10 locations but well drillers
and geologists state that the clay and silt units are
very sjJnilar throughout the Lake Agassiz region.

It is

therefore considered that the samples used are representative of the fine particle lake sediments .
Field Methods
Samples were drilled by the Army Corps of Engineers
and the United States Geologic Survey.

Rotary drilling

methods were used by the Geologic Survey.

Army Engineer 1 s

samples were taken with a piston type sampler and were undisturbed.
Laboratory .~ethods
Tests were made at the Ceramic Research Labo~atory at
the University of North Dakota.

The following tests and

procedures were used.
Bloating Tests
All samples tested for bloating characteristics were

e
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dried and crushed to pass -3,

~L. mesh. The samples vrere

fired in a Harper Electric furnace for
stainless steel trays vrere used .

5 minutes . Small

An insulation brick door

with a removable plug was used on the furnace to permit
placing and removing of samples.
Samples were tested for cell size , lfansell color number,
outward appearance, and specific gravity after firing.
five to

Twenty-

35 grains of each clay -vmre fired at 50 degrees Fahren-

heit intervals to determine the best temperature range.
Specific gravity was determined by nlacing the fired
samples in solutions of known specific gravity.

Cell size

was determined by cutting the sample particle in half and
measuring a typical cell.
Cell Size
In recordine cell size, a cell with a diameter of more
than

1.5

millimeters is listed as very large .

about 1 millimeter is called large,

.5

A cell of

is medium, less than

can be measured but visible is small, and no noticable cells
is recorded as nil .

The large and very large cell have

specific gravities of less than . 8.

lJil cell i:.:ize usually

indicates a specific gravity of l . J to 1. 6 .

The cell size

classifications between the extremes are not as closely
related to the specific gravity because a particle usually
contains several sizes of cells .
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Differential Thermal Analysis
A Speedomax recorder r.iade b y Leeds and Northrup -rras
used in the differentj_al thermal analysis of the Lake Agassiz
clays and silts.

The temperature rras eraphed on the Y axis

from Oto 2000 0 F.

The X axis records a differential of -3

to +3.

In DTA an unknown is heated with Alumina .

A differ-

ential thermo-couple interprets temperature difference
reactions either endothermic or exothermic as a positive or
negative e .m.f . and the recorder graphs this as curves .
An analysis of these curves indicate minerals and impurities
present .
Samples are crushed to a -100 mesh .
as the inert material .
per minute .

Alumina is used

The heating rate used is about

12.5°c

Pre-heating was not used because inter-latice

water is driven out and low temperature curves will not be
obtained.
Test Results
Appea.rance of Raw Clay
The silt unit is a pale yellow to buff colored material
of near uniform appearance .
with few pebbles or boulders .
size than the clay.
this unit .

The particles are silt size
It is easier to crumble and

A soil profile is shown at the top of

The silt is easy to dry and shows little compac-

tion.
The clay unit is: made up of very fine particles which
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are well compacted.
saturated.
surface at

It drys very slowly when it has been

When dry, it is very hard and shows a fracture

45°

to the bedding surface .

This clay is very

sticky when wet and is also easily deformed.

Pebbles and

boulders are found only in the zone near the glacial till .
The clay is green-gray in color throughout most of the
region .
Plastic Properties
The silt lacks plasticity of any amount necessary for
ceramic use.

It is not extremely sticky and is quite

tough.
The clay is very sticky and requires a lot of water to
make it workable .

It is not a plastic clay and is very

difficult to mold.
Properties of Fired Clay
The clay fires to red-brown color which is uniform
throughout a temperature spread of 250 0 F.

It warps and cracks

0

at a temperature of about 1850 F and shows considerable
expansion and blis ter:i.ng at low temperatures .
Bloating Results
The silt unit showed no bloating until a temperature

•

of 2050°F was reached.

Even at higher temperatures and
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large cell size, the silt did not · give the extremely low
specific gravities shoym by the clay.
A typical silt bloating test is shown below:

54-27 A
Tem:e.

Time

1950°F

5 min.

2000°F

5 min.
5 min.
5 min .

2050°F
2100°F

Uunsell Color A:e:eearance
lOYR 7/4

Angular

II

II

Cell

s:eg .

Nil

1.6

II

lOYR 6/4

Sl. rounding

lOYR 4/2

Rounded

II

1.3- 1.6

II

Med- 1. 0-1 . 3
large

The blue clay shows rounding at 1800°F and has reached
close to its maximum expansion ~t 2000°F .

It shows better

expansion at depths of 30 to 50 feet than either shallower
or deeper levels .
The bloating test for a t;7pical blue clay shows the
following results:

54-30
Temp .

Time

'unsell color Ap:eearance

Cell size

1850°F

5 min.

lOR 6/6

Rounding

Small

Rounded

Sm . -med.

1900°F

II

1950°F

II

lOYR

6/4

II

2000°F

11

lOYR 5/4

II

20,0°F

II

II

II

Fused

S:eg •

. 8-1.3

I'ed.-lrg.

.8
II

IJ

II

II

II

The most important result shovm by bloating tests is
the specific gravity and closely related to that is the cell

•

size.

On the following page is a comparison of a group of

samples taken from the same test hole and fired to different

e
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temperatures .

Only the specific gravity results are listed

because they are an excellent indication of a clays bloating
qualities .

54-28 (A, E, C, D, E, F)
Temp .

A

B

D

C

30-40 1 40-50 1

60-70'

E

F

110- 120 1 130-140 '

150-160 1

1900°F 1. 0-1 . 3 1.0-1. 3 1.0-1.3 1. 3- 1.6

1. 3-1. 6

l950°F

1. 0-1.6 1. 3-1. 6

. 8-1. 3 . 8- 1. 3 . 8-1.3

. 8-1. 3

2000°F -. 8~-

-. 8it-

.8

.8- 1.0

-.8*

- . 8*

.8

.8

2050°F

. 8-1. J
.8

1. 6

. 8-1. 6
. 8-1.6

2100°F

. 8-1 .3

* I ndicates

a specific gravity observed to be below . 8 but
available equipment could not determine it exactly.
At a given depth the clay unit is uniform in firing

and bloating characteristics .

The following comparison is

made using samples fr om the same depth , fired to the same
tem erature, but from t
located about

55

i'fO

different drill holes which are

mjles apart .

The specific gravities and cell

size are given for comparison .

54- 27E

54-28 B

11

Temp .

Spg .

Cell size

1900°F

1.0-1.6

nil

1950°F

. s-1.0

sm . -med.

.8-1 . 3

2000°F

.8

med.-lrg .

.8

med.

2050°F

.8

med.-lrg .

.8

v. l rg .

Spg .
1.0- 1. 3

Cell size
nil
sm .-med .

PLATE 1 - DIFFERENTIAL

STANDARD

THERMAL CURVES

MINERALS

SILICA

A

KAOLINITE

~~+--+--+-~-l~t---+--1L_~
ILLITE

.,,

GROUP

~_JIL-----+-----t-----t----+----L__;,....-+-----+----+

~ . . J . . l-----+-----t----1--~1------il__.,.---+----+-----1
54-27

C

'----

.J--.----+---t----L----+----+-.__;.---+-----+-----1

~

54-28

B

54-28

C

----rl---+---_j__ ____J__ _--L.,_--1------t-----t

5

~ - r l--+----1----L--..L--+---+---+

-0

~ - '_ _ _
!_----11---"4-----ll.-----11.---LI

DUfllE!S

FAHftENH!IT

200

400

I

I

100

100

' 1·

I

1000

I

1200

1400

1600

I

I

I

1100

I

2000

I
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A compa,rison of the colors using the Munsell color chart
shows simil r color numbers in almost every cc:1.se .
A number of other samples of the clay unit were fired
and the results were about the same for any clay of the same
depth and fired to the same temperature .
ations would appear because of impurities .

0cc sionally variAnother diffi-

culty was a "popping" caused by rapid expansion .
usually corrected this troubl& .
of 700°F was used .

Pre-heating

A pre-heating temperature

No great changes in color were noticed

with increased temperature .
Differential Thermal Analysis
In t he silt mit , curves indicating Montmorillonite,
and carbonates were identified .

The clay unit also had a

curve characteristic of orgc1nic material .

From 30-50 feet

the carbonate curve decreased in size nnc there was a slight
decrease in the organic material from

JO to 40 feet in depth.

The Montmorillonite curve rras identified in all lake silts
and cla s tested ( see plate 1) .

fj erre shaJ e has a .'ont-

morillonite curve indicatinc that it may be a
of the lake sediments .
face rock

The

ossible source

ierre was a very plentiful sur-

t the time of glaciation .
Carbonate Tests

The silts and clays were tested with hydroch oric acid
to give a.n indication of the content .

f

!

A 1 of the samples
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showed effervescence of various deE;ree.

At depths of 30 to

70 and 110 to 120 feet t ests shmed the least amount of
carbonate present .
Sample

Depth

54-27 A

Result 1rrith HCl

0- 15

Effervescence

"

B

15-20

II

C

20-25

Some Effervescence

"

D

30-40

Slight

ti

E

40-50

11

fl

54-28 A

30-40

It

"

II

II

II

B

40-50

II

"

It

C

60-70

II

"

II

D

110-120

"

"

II

E

130- 140

It

F

150-160

Effervescence

"

This confirms the results of the differential thernal
analysis.

The zones of lo~" carbonate content may be either

zones of leaching or they may represent swamp stages of Lake
Agassiz's history .
The organic material in the clay maJr in part explain
the green gray color of the r

lV

clay .

clay may be black or brown- black •

•

In isolated cases the

ECCNOMIC ASPECTS
Pottery
The use of Lake Ag~ssiz clay for pot tery and tile
seer.is very unlikely because of the high shrinkaee, warping,
and cracking .

The clay is too sticky for molding and the

great amount of water needed to make it liquid would
eliminate it for casting .

The large cells that develop at

low temperatures would cause many difficulties .
Brick Clay
The silt unit of the Lake Agassiz sediments has long
been used for brick making .

During the e<'l!'ly years of

population and industrial movement into the Red River
Valley, several brick plants were operating in Grand Forks ,
Fargo , Grafton, and other small towns in the area.

The

lack of trees caused a shortage of lumber so the builders
turned to brick .

As the building boom died out , the demand

for bricks dropped and many of the plants closed.

The

railroads could bring in the bricks as cheaply as they could
be produced there.
The bricks were of a light buff color and can still
be seen in some of the older buildings in the area .

The

silt used contains carbonaceous material and is not a good
brick raw material.
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Roadways~ Foundations
The Lake Agassiz clays are undesirable in road construction because they are slovr to dry and they are soft
and sticky when wet .

There is some work being done at

the present time in v.11ich the clay is packed and then topped
with asphalt .
The clay presents a problem to building contractors
because large buildings tend to shift and sink on their
foundations .

~any foundations have cracked because of the

shearing ability of the clay unit.

This was the reason

for slids and faults at the Grand Forks flood control levee.
A very liquid layer plus the shearing caused a large crack
and movement of the river bank.
The clay and silt play an important part in the
economics of the construction business in the Red River
Valley.

Millions of dollars are spent because engineers and

contractors failed to consider the lake sediments.
Sand and Gravel
The vast amount of clay that covers the till in the
valley makes sand and gravel scarce throughout the area.
Within the valley, the only gr:ivel near the surface is the
ice rafted r.iaterial that is scattered in isolated pockets .
These deposits are difficult to find so many construction
companies bring in sand and gravel from the Lake Agassiz
beach deposits .

The beaches, sand bars, and deltas provide

25
a good source for the near by area but hauling costs place
these deposits at a disadvantage for users in the central
part of the valley.
Agriculture
The greatest economic contribution of Lake Agassiz
was the deposition of a fine soil material .

Farming and

related business is the mos t important economic factor in
the area .

Almost every business is directly or indirectly

dependent of the farm income .

The flatness of the land makes

large scale farming the most economical .
If Lake Agassiz had not occured, the land would have
been hilly and the soil would have been rocky and sandy.
It would have discouraged population movement into the area
and the development of the region would have been set back
countless years .
': a ter Supply
The great thickness of clay has made water difficult
to locate .

The clay lacks permeability and underground

flowing of water is nearly impossible .

The till below the

clay is the best source and the ice rafted gravel deposits
are good sources vere they can be located.
sands are also used .

e

Delta and beach

The lack of good water has been a

handicap to the economic growth of the Red River Valley.

e
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Because of the low annual rainfall, irrigation would add
to the income of the valley if thew ter were available .
Lightweight Aggregate
Probably the best advancement in developing a ne .
use for the lake sediments is in the field of lightweight
aggregates .

Some clays when fired become suited for use as

a substitute for gravel in concrete .

As certain clays are

heated, they expand and their specific gravity decreases .
They will no longer soak up water and become plastic .
They will remain hard and stable .
A concrete product, such as building blocks, made
of this fired clay will be up to
using gravel .

50%

lighter than concrete

I t will be insulative to sound and heat,

shipping costs will be less and the building blocks will be
easier to handle .

Since gravel and sand is scarce , the use

of fired clay would be of considerable economic importance .
Careful consideration must be given to the requirements
of a good clay for use as aggregate:
1.

The clay must contain gas forming materials to
produce the cell structure within the clay particles .

2.

The gas must be given off at relatively low temperatures for economical operation.

3. Glass must be present to seal the escaping gas .

4.

The cell size should not be large enough for the
clay particle to be weak .
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5.

A light colored fired particle is desired.

6. A clay that is uniform in composition, color,
and firing range is best for aggregate .

7.

ide distribution in both thickness and area
is desirable .

8. Nearness to the surface is important in determining costs .
The clay unit of Lake Agassiz sediments has considerable
expansion ability as shovm by the bloating tests .
sion takes place at relatively low temperatures .

The expanThe cell

size is uniform and the firing range is large enough to
prevent over or under fired aggregate .
The clay is so plentiful that it may be found near
any likely market within the Red River Valley.

The silt

unit above presents the problem of stripping costs .

Since

t he silt does expand some and it has good hardness when
fired, it may be mixed with the clay to cut operating
costs .

The red-brown color of the clay when fired may be

a disadvantage because it ~10uldn 1 t be attractive in concrete
products .

This would lessen the price a buyer would be

willing to pay.
Considering the results of the bloating test~

it is

likely that the valle;r clay is of a quality and quantity to
make it commercia l~T practical for lightweight aggree;ate .
The rest of the problem of its development is economic .
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The lack of sand, gravel, and lumber would indicate
that the production of lightweight aggregate would be
welcomed by the building market throughout the central
part of the valley.

It seems that a potential market

would extend into the areas outside the lake bed because
of the lightweight advantages of the product .
Firing of large quantities of clay would require a
cheap fuel to cut production costs .

Natural ·as would be

an excellent fuel if a pipe linF ~ere available .

It is

an easy fuel to control and the product would be unii'orm .
A considerable cost is involved in est<blishing a
lightweight aggreg~te plant .

Storaee space is needed for

the ra.v clay and equipment is needed to handle the unfired
clay.

It must be crushed and hauled to the rotary kiln

where it is fired.

The fired clay must then be cooled,

sized and over and under sized particles must be stored
separately.
The distances betv,een the source of the raw material
and the plant and the market must be short to cut operating
costs to a minimum.

Since the aggregate is a processed

product in competition with a natural material like gravel,
the ability to keep the costs low vrill determine the success
or failure of the business .

Profits nould depend on volume

sales .
In th3 long run,

e

ight eight aggrefate vrould add con-

siderably to the wealth of the region .

It could mean low cost

housing, better housing, and a new field of business expansion.

APPENDIX
Samole No. 54-29 and

24-30

Enerado area.
SW! Section 13, T. 152 N. , R. 52 W., Grand Forks County.
Sam9 les from Kelly's slough .

54-29 is a mixture

of yellow, sandy clay and green - gr ay cla y.

54- 30 is a gre en - gray clay.
Sanole No. 54- 50

(P3 and P7)

Grand Forks area .
NW! Section 11, T. 151 N., R. 50 W., Grand Forks County.
Samples a re a green - gray clay. P3 is f r om
elevation 780 .6 to 778 .1 feet. P7 is from
elevation 768 .1 to 770.6 fe et.
Sarno le No. 54-51
Grand Forks a rea

sut

Section 11 , T. 151 N., R. 50 W., Grand Forks County

Green -

ray clay from the Grand Forks flood

control project at elevation 780 feet.
S8.mole No . 54 - 52
Portland area
SEi Section 32, T. 147 N., R. 51 W., Tra il County.
Green - gr ay clay from 30 fe et below the ground

-

surface .
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Sa mn le No. 54- 27 (A- E)
Gr ·1 nd Forks a re a .
SE! Se ction 5, T. 151 N. , R. 50 W., Grand Fork s Co J.nty.
1

Samol es dr i l l ed on Uni v e r s i ty of North Dakota
ca mpus .

The depth and des cr i o t ion of samp le s

follo ws:
( A) 10-1 5 f eet - ye l low, sandy cl ay.
(B ) 1 5- 20 f ee t - y e l low, s andy cla y.

( C) 20- 25 f eet - yellow , and gr e en- gray c l ay mi xed.
(D) 25- 40 fee t - green- gr a y clay .
(E ) 40- 50 fee t - e;re en- : r a y clay

Samule No. 54- 28

(A-F)

Neche area .
:N'W-t Se c tion 31, T. 1 64 N., R. 53 W., Pembina County.
Samp le s dri l l ed by USGS drilling crew.
( A) 30-40 f eet - green- gr ay clay
( B ) 40-50 f eet - gr een-gr a y clay

( C) 50- 60 f eet - green- gr ay clay

( D) 110-1 20 f eet - gr een- gr a y clay
(E) 1 30-140 f eet - green- g r ay cl ay

(F ) 1 50-160 f eet - gr een- gr ay clay
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Sam le No. 54- 53
Hunter area
NW! Section 24 , T . 14 3 N., R . 52 W., Ca s s County .
Green - gray clay from 35 f eet belov.r the g round
surfa ce .
Samole t:o . 54- 54
Fargo a rea
IJWi Section

1 , T . 139 N., R. 49 W., Ca s s County .

Green - gray clay from 18 feet belo 1 the g round
surface .
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